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(54) Process for the purification of carbon dioxide 

(57) Sulphur compounds are removed from gaseous 
carbon dioxide by contacting the carbon dioxide with wa- 
ter vapour in the presence of a carbonyl sulphide hydrol- 
ysis catalyst such as alunfiina, thereby converting carb- 
onyl sulphide in the gas stream to hydrogen sulphide, 
contacting the resulting gas stream with a reducible met- 
al oxide sueh as ferric oxide, thereby removing hydrogen 
sulphide from the gas stream as elemental sulphur, and. 
if desired, contacting the remaining gas stream with cop- 
per oxide, zinc oxide, a mixed copper-zinc oxide or mix- 
tures of these, thereby removing any remaining sulphur 
compounds from the gaseous carbon dioxide. 
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Description 

This invention relates to the purification of carbon 
dioxide and nnore particularly to the removal of sulphur 
compounds from a gaseous carbon dioxide stream. 

Carbon dioxide is used in a number of industrial and 
domestic applications, many of which require the carbon 
dioxide to be free from impurities. Unfortunately carbon 
dioxide obtained from natural sources, such as natural 
gas, or produced in industry, particularly carbon dioxide 
produced by the combustion of hydrocarbon products, 
often contains impurity levels of sulphur compounds, 
such as carbonyl sulphide (COS) and hydrogen sulphide 
(HgS). When the carbon dioxide Is Intended for use In an 
application that requires that the carbon dioxide be of 
high purity such as in the manufacture of foodstuffs or 
medical products, the sulphur compounds and other im- 
purities contained in the gas stream must be removed 
prior to use. 

Various methods for removing sulphur compounds 
from gases such as carbon dioxide are known. For ex- 
ample, US Patent No 4,332,781. discloses the removal 
of COS and HgS from a gas stream by first removing the 
H2S from the hydrocarbon gas stream by contacting the 
gas stream with an aqueous solution of a rogenerablc 
oxidizing reactant, which may be a polyvalent metallic 
ion, such as iron, vanadium and copper, to produce a 
COS-containing gas stream and an aqueous mixture 
containing sulphur and reduced reactant. The COS in the 
gas stream is next hydrolysed to COg and HgS by con- 
tacting the gas stream with water and a suitable hydrol- 
ysis catalyst, such as nickel, platinum, palladium, etc., 
after which the HgS and. if desired, the COg are removed. 
This step can be accomplished by the earlier described 
HgS removal step or by absorption. The above-de- 
scribed process involves the use of cumbersome and 
costly equipment and liquid-based systems which re- 
quire considerable attention and may result in the intro- 
duction of undesirable compounds, such as water va- 
pour, into the carbon dioxide product. 

Similarly, US Patent No 5,104,630 discloses the re- 
moval of COS from a hydrocarbon gas stream, such as 
natural gas, by converting the COS to HgS and COg by 
contacting the gas stream in countercurrent flow with a 
warm lean aqueous solution which contains an alkaline 
absorbent, such as diethanolamine (DEA). The H2S-rich 
gas stream is then contacted with a cool lean aqueous 
solution of the alkaline absorbent: thereby absorbing the 
H2S and CO2. The H2S- and COg-rich aqueous absorb- 
ent is then regenerated to remove the H2S and CO2 
therefrom, and the regenerated aqueous solution is re- 
cycled. In addition to the disadvantages mentioned 
above, the alkaline solution absorbs CO2 in addition to 
HgS and is therefore unsuitable for the purification of 
COg. 

It is known directly to remove sulphur compounds, 
such as COS and H2S, from a gas stream by contacting 
the gas stream with metal oxides, such as copper oxide. 



zinc oxide or mixtures of these, but this process is only 
economically feasible when these impurities are present 
in a gas stream in trace amounts, since the catalyst is 
non-regenerable and expensive. 
5 Since many end users of carbon dioxide require it to 

be substantially free of sulphur compounds, and be- 
cause natural sources of carbon dioxide and industrially 
manufactured carbon dioxide often contain sulphur com- 
pounds, economic and efficient methods for effecting 
10 substantially complete removal of sulphur compounds 
from carbon dioxide gas streams, without concomitantly 
introducing other impurities into the carbon dioxide, are 
continuously sought. The present invention provides a 
simple and efficient method of achieving this objective. 

Sulphur compounds, such as carbonyl sulphide and 
hydrogen sulphide are removed from a carbon dioxide 
gas stream by a plural step process comprising: a first 
principal step in which carbonyl sulphide Is hydrolysed 
to hydrogen sulphide and carbon dioxide by contacting 
20 the gas stream with water vapour in the presence of an 
hydrolysis catalyst; and a second principal step in which 
hydrogen sulphide in the gas stream is converted to el- 
emental sulphur and/or metal sulfides, which are re- 
moved from the gas stream. 
25 The process of the invention is useful for purifying 
carbon dioxide gas streams, such as are obtained from 
a combustion process or a natural gas separation proc- 
ess. The invention is useful for removing sulphur com- 
pounds, such as carbonyl sulphide, hydrogen sulphide. 
30 and carbon disulphide from a crude carbon dioxide gas 
stream, i. e. a stream comprising at least about 90 volume 
percent carbon dioxide, with the remainder being impu- 
rities such as sulphur compounds, hydrocarbons, nitro- 
gen, argon and moisture. The invention is particularly 
35 suitable for removing sulphur compound impurities from 
a relatively pure carbon dioxide gas stream. 

The first principal step of the invention is the hydrol- 
ysis of carbonyl sulphide to hydrogen sulphide and car- 
bon dioxide. The equation representing the hydrolysis 
40 reaction is: 

COS + HgO ?± HgS + COg 

The hydrolysis reaction is carried out in the gas 
phase by contacting a mixture of the carbon dioxide feed 

45 gas and water vapour with a solid catalyst in a reaction 
zone. In general, the hydrolysis step is carried out using 
a stoichiometric excess of water, which is preferably In 
the form of water vapour. Since the gas stream usually 
contains only small amounts of COS, sufficient moisture 

50 can be provided in the form of water vapour in the feed 
gas stream. However, if additional moisture is necessary, 
it can be provided in other forms, such as by introducing 
steam into the hydrolysis reactor. 

Any appropriate gas phase carbonyl sulphide oxida- 

ss tion catalyst can be used in the hydrolysis step. Suitable 
catalysts include nickel, platinum, palladium, cobalt, rho- 
dium or indium, or mixtures of these can be used. The 
catalyst may be used without a support, or It is can be 
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deposited onto a substrate, such as alumina, silica or 
mixtures of these. Alumina, particularly activated alumi- 
na, may itself be used as the hydrolysis catalyst. The par- 
ticular catalyst used in the hydrolysis step of the process 
of the invention is not critical, and the selection of appro- s 
priate hydrolysis catalysts is within the skill of workers 
familiar with carbonyl sulphide hydrolysis reactions. 

The temperature at which the hydrolysis reaction is 
carried out will depend upon the composition of the feed 
stream, the amount of water vapour present, the partic- io 
ular catalyst employed in the hydrolysis, and other vari- 
ables. In general, It Is desirable to conduct the hydrolysis 
at a temperature in the range of about 0 to about 400° 
C, and preferably at a temperature in the range of about 
25 to about 200* C. The pressure at which the reaction 
is ideally carried out will vary depending upon the 
above-mentioned factors, but in general ranges from 
about 1 to about 50 atmospheres, absolute, and is usu- 
ally maintained In the range of about 1 to about 25 at- 
mospheres, absolute. The reaction condi lions are well 20 
known to those skilled in the art and do not form a part 
of the invention. 

The hydrolysis step is also effective for hydrolyslng 
certain other sulfides, such as carbon disulphide, to hy- 
drogen sulphide and carbon dioxide. Thus, this stop can 
be used to eliminate sulphur compounds otherthan COS 
from the carbon dioxide feed stream being treated. 

The oxidation of hydrogen sulphide Is preferably 
conducted in the presence of a non-regenerable metal 
oxide catalyst/sorbent. The gaseous effluent from the 30 
carbonyl sulphide reaction zone with an inexpensive 
metal oxide, vsuch as iron (III) oxide, preferably in sup- 
ported particulate form, or, alternatively, in unsupported 
form. The iron oxide removes the hydrogen sulphkJe 
from the gas stream by oxidizing the sulphide to elemen- 35 
tal sulphur, by converting the hydrogen sulphide to iron 
sulfides, or by a combination of these. This step serves 
efficiently to remove all or all but trace amounts of hydro- 
gen sulphide from the carbon dioxide gas stream. 

During the course of the reaction occurring in this 40 
step the catalyst Is gradually deactivated by the accumu- 
lation of sulphur or sulphide therein. When the catalyst 
activity drops to the extent that it is no longer able to re- 
move substantially all hydrogen sulphide from the gas 
stream, the catalyst is discarded and replaced by fresh 4S 
catalyst. 

As noted above, the catalyst used in this step is an 
inexpensive metal oxide. These catalysts are preferred 
because they are not only effective for the rerruDval of 
hydrogen sulphide from the carbon dioxide gas stream, 50 
but are also easily disposed of. Preferred catalysts for 
this step Include not only iron (III) oxide but also nickel 
oxide and manganese dioxide. The metal oxide may be 
substantially pure or it may be in the form of an impure 
ore. It may also be supported on a substrate, such as ss 
activated carbon, if desired. The most preferred catalyst 
is Iron (ill) oxide. This catalyst is preferred because it is 
inexpensive, is highly effective and is widely accepted 



for disposal in landfill sites. 

The conditions under which the hydrogen sulphide 
removal step is carried out are not critical. In general, it 
is desirable to conduct this reaction at a temperature in 
the range of about 0 to about 200°C. and preferably at 
a temperature in the range of about 20 to about 100"C. 
It is often desirable to conduct the reaction at ambient 
temperature. The pressure at which the reaction is car- 
ried out Is likewise not critical, and in general, the reac- 
tion Is carried out at absolute pressures In the range of 
about 1 to about 50 atmospheres, and it is preferably car- 
ried out at absolute pressures in the range of about 1 to 
about 25 atmospheres. 

In a preferred embodiment of the invention, the proc- 
ess includes as a third principal step a final gas purifica- 
tion operation, which serves to rennove from the carbon 
dioxide product stream any sulphur compounds, includ- 
ing residual carbonyl sulphide and hydrogen sulphide, 
that were not removed during the carbonyl sulphide hy- 
drolysis and hydrogen sulphide oxidation steps. It some- 
times happens that the hydrolysis and oxidation steps 
do not completely remove all sulphur compounds from 
the gas stream. This may occur, for example, when the 
feed gas contains high concentrations of sulphur com- 
pound impurities, or when the catalyst begins to lose ac- 
tivity, the latter situation being more likely to occur in the 
hydrogen sulphide removal step. In such cases the re- 
sidual trace amounts of carbonyl sulphide, hydrogen sul- 
phide, and perhaps other sulphur compounds remaining 
in the carbon dioxide product gas stream are removed 
in a final purification or polishing step. 

The polishing step comprises passing the gas 
stream through a bed of metal oxide selected from cop- 
per oxide, zinc oxide mixed copper-zinc oxides, and mix- 
tures thereof. These metal oxides effectively remove all 
remaining sulphur compounds from the gas stream. The 
cost of these oxides makes their use for the removal of 
considerable amounts of sulphur compound impurities 
prohibitive, but they are ideal for removing trace amounts 
of the Impurities. As the gas stream passes through the 
bed of metal oxide substantially all of the sulphur com- 
pounds react with the catalyst so that the gas stream 
leaving the metal oxide bed is virtually free of sulphur 
compounds. The metal sulfides are non-regenerable 
and thus must be disposed of when they are spent. 

The carbon dioxide feed gas may contain impurities 
such as solids, or chemical impurities that tend to poison 
the catalysts used in the process of the invention or 
render the carbon dioxide unfit for its intended purpose. 
It Is generally desirable to remove these impurities from 
the gas stream prior to introducing the stream into the 
carbonyl sulphide hydrolysis reaction zone. This can be 
accomplished by passing the feed gas through one or 
more preliminary purificatbn units. Typical of such units 
are filters, scrubbers, distillation units and hydrocarbon 
adsorption beds. Such units are well known and there- 
fore require no further description. 

Processes according to the invention will now be de- 
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scribed by way of example with reference to the accom- 
panying drawings. 

Figure 1 illustrates, In a block diagram, one embod- 
iment of a system for removing sulphur compounds from 
a carbon dioxide gas stream in accordance with the 
present invention. 

Figure 2 illustrates, in a block diagram, an alternative 
embodiment of the system illustrated in Figure 1. 

In the accompanying drawings, the same reference 
numerals are used to designate the same or similar 
equipment in different figures. Auxiliary equipment that 
Is unnecessary for an understanding of the invention, in- 
cluding valveS: compressors and heat exchangers, have 
been omitted from the drawings to simplify discussion of 
the invention. 

Turning to Figure 1 , there is illustrated therein a gen- 
eral scheme for removing sulphur compounds from car- 
bon dioxide gas streams by the process of the invention. 
The system illustrated in Figure 1 includes optional pre- 
liminary purification section A, COS hydrolysis section 
B, hydrogen sulphide removal section C, and optional 
gas polishing section D. 

In Figure 1, carbon dioxide feed gas entering the 
system through line 2 generally flows into prep urificat ion 
section A, wherein impurities other than gaseous sulphur 
compounds are removed from the feed gas. This section 
may contain units which are effective to remove solid im- 
purities from the gas stream, such as filters and/or units 
for the removal of gaseous impurities from the feed gas 
stream. Liquid removal units that can be incorporated 
into section A include adsorbers, absorbers, coalescers, 
scrubbers, and distillation units, for the removal of gas- 
eous impurities, such as oxygen, light inert gases, hy- 
drogen, hydrocarbons, organic compounds, such as lu- 
bricants and corrosion inhibitors. 

In some cases, it may not be necessary to prepurify 
the carbon dioxide feed gas. In such situations, the feed 
gas in line 2 can be diverted around section A through 
line 4, and caused to directly enter COS hydrolysis sec- 
tion B. Section B is a gas phase COS reactor, packed 
with a suitable hydrolysis catalyst, such as alumina. Sec- 
tion B is provided with means for introducing moisture 
into the gas stream entering this section, if the feed gas 
does not already contain sufficient moisture to cause the 
hydrolysis of substantially all of the COS In the feed gas. 
Moisture can be introduced Into the feed gas by, for ex- 
ample. Introducing steam Into the gas stream, or by bub- 
bling the gas stream through a vessel containing water. 
The particular means for introducing moisture into the 
gas stream is not critical and forms no part of the inven- 
tion. 

Section B is also equipped with heat exchange 
means to heat the Incoming feed gas to the desired hy- 
drolysis reaction temperature, which, as noted above, 
can range from about 0 to about 400°C, but is usually in 
the range of about 25 to about 200°C. 

As the gas stream passes through section B, sub- 
stantially all of the COS contained in the gas stream is 



converted to hydrogen sulphide and carbon dioxide. The 
hydrolysis reaction is very convenient for removing COS 
from the feed gas because the carbon dioxide produced 
in the hydrolysis does not adulterate the feed gas. Thus, 
s the only product of the hydrolysis that must be removed 
from the feed gas is the hydrogen sulphide. This is ac- 
complished in the next step of the process. 

The gas stream leaving section B next enters sec- 
tion C, wherein substantially ail of the hydrogen sulphide 
10 present in the gas stream is removed. The hydrogen sul- 
phide removal is effected by passing the gas stream 
through a bed of one of the above-mentioned inexpen- 
sive metal oxides, preferably iron (III) oxide. The reaction 
can takes place at temperatures of about 0 to about 
15 200° C, but is preferably conducted at atmospheric tem- 
peratures, i.e. temperatures of about 20 to about SO'^C. 
Accordingly, it is generally preferable to equip section C 
with heat exchange means to cool the gas entering this 
section from section B. 

20 Section C can comprise a single reaction vessel, 
however, in order to provide substantially continuous 
processing capability it is preferable that this section in- 
clude two or more reaction vessels. A particularly suita- 
ble arrangement is the two-bed "lead-lag" system, in 

•25 which the hydrogen sulphide-containing carbon dioxide 
gas stream passes serially through first and second re- 
action vessels containing the metal oxide. In the startup 
period of the process, when both beds contain fresh cat- 
alyst, substantially all of the hydrogen sulphide is re- 

30 moved in the first bed. As the on-stream time of the proc- 
ess increases the impurity front progresses through this 
bed, until, finally It reaches the point at which of the hy- 
drogen sulphide impurity begins to breakthrough into the 
second bed. The gas is permitted to continue pass 

35 through the first bed and then through the second bed 
until the performance of the first bed reaches the point 
at which it no longer worthwhile passing the gas through 
this bed. At this point, the flow of hydrogen sulphide-con- 
taining gas is diverted to the second bed, and the first 

40 bed Is taken out of service and the catalyst therein is re- 
placed. 

While the first bed is out of service the feed gas pass- 
es through only the second bed. After the catalyst in the 
first bed is replaced, the flow of gas exiting the second 

45 bed is directed to the first bed, and the process is con- 
tinued in the manner described above, with the roles of 
the first and second beds being reversed. 

The gas stream exiling section C may be sent direct- 
ly to product via line 8, if it is substantially free of sulphur 

50 compounds: however. It still contains trace amounts of 
sulphur compounds, these can be removed by sending 
the gas stream through a polishing section, section D. 
Section D contains a metal oxide selected from copper 
oxide, zinc oxide or mixtures of these. These oxides are 

55 especially suitable for removing any sulphur compounds 
remaining in the gas stream. Since these metal oxides 
are more costly and less convenient to dispose of, it is 
preferred that as much of the sulphur impurities as pos- 
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sible be removed in the earlier sections of the system. 
These metal oxides are difficult to regenerate; accord- 
ingly they are preferably operated In a nonregenerable 
mode. 

The polishing section reactors are usually operated 
at temperatures In the range of about 0 to about 300** C. 
and are preferably operated at about 20 to about 200**C. 
Accordingly, this section desirably includes heat ex- 
change means to heat the effluent from the section C 
reactors prior to their entrance Into the section D reac- 
tors. 

As was the case with the reactors of section C, the 
system of section D can comprise a single reaction ves- 
sel or a battery of vessels operated in the lead-lag man- 
ner described above. The product exiting section D 
through line 6 Is virtually free of sulphur compound Im- 
purities. 

Figure 2 Illustrates a more specific embodiment of 
the process of the invention. The system of Figure 2 com- 
prises sections A, B, C and D, described in the discus- 
sion of Figure 1 . The system of Figure 2 additionally in- 
cludes heat exchangers 12, 16 and 20 and auxiliary heat- 
ers 24 and 38. In the process of the invention, as prac- 
tised in the system of Figure 2, impure carbon dioxide 
enters section A through line 2. After removal of any solid 
and gaseous Impurities other than COS and hydrogen 
sulphide, and, perhaps other gaseous sulfides In section 
A, the gas stream passes via line 10 through exchanger 
12. wherein It Is heated to about 90° C by heat exchange 
with the warm purified gas exiting section D. The warmed 
feed gas stream next passes via line 14 through heat 
exchanger 16, wherein it serves to heat up the gas 
stream exiting section C. and in the process is cooled to 
about 50^C. The feed gas then passes through line 18 
and heat exchanger 20, where it is reheated to about 
90*C by exchange with the hot gas leaving COS hydrol- 
ysis section B. The reheated feed gas is then humidified, 
for example, by being mixed with steam introduced Into 
line 22 through line 24. The humidified gas stream is then 
heated to about 1 00**C in auxiliary heater 26 and passes 
Into COS hydrolysis section B via line 28. 

In section B any COS present in the gas stream is 
hydrolysedto hydrogen sulphide and carbon dioxide, by 
contact with a suitable catalyst, such as alumina, as de- 
scribed above. The COS-f ree effluent from section B Is 
then cooled to about 40 to eO'^C in heat exchanger 20 
and is then Introduced into section C, wherein it contacts 
a bed of particulate iron (1 1 1) . oxide, which removes ail but 
trace amounts of hydrogen sulphide from the gas. Prior 
to being Introduced Into section C, the gas stream may 
be passed through a condensate separator (not shown) 
to remove condensate which accumulates upon cooling 
of the humidified gas stream. The gas stream leaving 
section C is then heated by passage through heat ex- 
changer 16 and auxiliary heater 38, and is next intro- 
duced into polishing section D at a temperature of about 
100**C. In section D the gas stream contacts a bed of 
metal oxide, for example mixed copper-zinc oxides, 



which removes any remaining sulphur compounds. The 
gas exiting section C is substantially free of sulphur. By 
"substantially free of sulphur" Is meant that the gas prod- 
uct meets the standard set for sulphur-free food grade, 

s medical grade, and electronic grade carbon dioxide. The 
hot gas exiting section D next passes through heat ex- 
changer 12 wherein It warms the feed gas and is itself 
cooled to about atmospheric temperature. 

The Invention is further illustrated by the following 

10 simulated example wherein, unless otherwise indicated 
parts, percentages and ratios are expressed on volume 
basis. In the example a system similar to that Illustrated 
in Figure 1 is used. The system Is provided with heaters 
and coolers necessary to adjust the temperature of the 

IS various streams to the values indicated. 

EXAMPLE 

A carbon dioxide stream which Is at a temperature 
of SO^'C and a pressure of 300 psig and which contains, 
as impurities, 330 ppm COS, 4 ppm hydrogen sulphide 
and trace quantities of organic compounds is used as 
the feed stream in this example. The feed is first passed 
through a bed of activated carbon, which removes the 
trace organic compounds, and is then hunnidrfied by bub- 
bling through a vessel of water. The humidified feed gas 
is then heated to 120°C and passed through a COS hy- 
drolysis reactor containing a bed of activated alumina. 
Greater than about 99% of the COS will be hydrolysed 
to hydrogen sulphide and carbon dioxide. The gas 
stream Is then cooled to about 30*C and passed through 
a hydrogen sulphide removal unit containing a bed of Iron 
oxide, which will remove substantially all of the hydrogen 
sulphide in the gas stream. The stream Is next heated to 
a temperature of 100°C and passed through a gas pol- 
ishing reactor containing a zinc oxide-based catalyst. 
The gas stream exiting the polishing reactor will be sub- 
stantially free of sulphur compounds. 

Although the invention has been descnbed with par- 
ticular reference to specifically illustrated embodiments 
and to a specific example, it should be understood that 
the illustrated embodiments and the specific example 
are merely exemplary of the invention and variations are 
contemplated. For example, the process of the invention 
may be practised in equipment arrangements other than 
those Illustrated In the drawings. Similarly, the process 
can be used to remove other sulphur compounds from 
the feed gas stream, and other purifying steps can be 
incorporated into the process. 



Claims 

1. A process for removing carbonyl sulphide from a 
gaseous carbon dbxide feed stream comprising: 

a. contacting said gaseous carbon dioxide feed 
stream with water vapour and a carbonyl sul- 
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phide hydrolysis catalyst, thereby producing a 
gas mixture comprising hydrogen sulphide and 
carbon dioxide; 

b. contacting said gas mixture with a reducible s 
metal oxide, thereby converting hydrogen sul- 
phide to sulphur and/or metal sulphide(s) and 
producing a high purity carbon dioxide gas prod- 
uct. 

10 

2. A process as claimed in claim 1 , wherein said hydrol- 
ysis catalyst is alumina. 



3. A process as claimed In claim 1 or claim 2, wherein 

the reducible metal oxide is impregnated onto acti- is 
vated carbon. 

4. A process as claimed in any one of the preceding 
claims, wherein said reducible metal oxide is ferric 
oxide. 20 



5. A process as claimed in any one of the preceding 
claims, wherein said gaseous carbon dioxide is sub- 
jected to a prepurification step to remove hydrocar- 
bon impurities therefrom. 2S 



. 6. A process as claimed in any one of the preceding 
claims, wherein said high purity carbon dioxide gas 
product contains trace amounts of one or both of car- 
bonyl sulphide and hydrogen sulphide, further com- 30 
prising contacting said high purity carbon dioxide 
gas product with a metal oxide selected from copper 
oxide, zinc oxide mixed copper-zinc oxides or mix- 
tures of these, thereby producing a substantially car- 
bonyl sulphide-free and hydrogen sulphide-free car- 3S 
bon dioxide gas product. 



40 



45 



so 



ss 



BNSDOCID: <EP_0698577A1J_> 



6 



EP 0 698 577 A1 




BNSDOCID: <EP 0698577A1J_> 



7 



EP 0 698 577 A1 





EP 0 698 577 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Applioition Number 

EP 95 30 5577 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Refevut 
to daim 


CUtSSinCATION OF THE 
APPUCATION (InUZLt) 


A 


FR-A-2 574 310 (SOCIETE NATIONALE ELF 
AQUITAINE) 

* claims 1,5,8,11 * 

* page 2, line 16 - line 23 * 

* page 3, line 27 - line 37 * 

* page 5, line 19 - page 6, line 14 * 


1.2,6 


C01B31/20 


P. A 


DE-A-43 21 542 (BFI ENTSORGUNGTECHNOLOGIE 
GMBH) 

* the whole document * . 


1-3 




A 


US-A-4 382 912 (MADGAVKAR & AL.) 
* claims 1-27 * 


1.* 




A 


EP-A-0 218 153 (BASF AG ) 
* claims 1-10 * 


1 




A 


DE-A-39 25 574 (METALLGESELLSCHAFT AG.) 
* the whole document * 


1 




A 


DATABASE WPI 

Section Ch, Week 7409 




TECHNICAL FIELDS 
SEAKCHED (lm.CL6) 




Derwent Publications Ltd., London, GB; 

Class E36, AN 74-16942V 

& SU-A-385 602 ( NIZYAEV V M ET AL) , 13 

September 1973 

* abstract * 




COIB 

BOID 


The present seardi report has heen dmwo up for all datas 

Place of ttmth M. .f BMBliitoB of tte iCMck 







THE HAGUE 



16 October 1995 



Rigondaud, B 



CATEGORY OF CITED DOCUMENTS 



particulaily relevant If taken alone 
pmrticuluty relevant If comMned wift 
lioconent of the same categmy 
technological baekgroond 



T ; theory or principle underlying the 
E : earlier patent documeat, bat pahfi 

aftOT the filing date 
D : docamcnt died in Ibe application 
L : docnmcat dtad for other reasons 



nber of the i 



t patent ffaailly, 



BNSDCX310: <EP 069B577A1 J_> 



